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ABSTRACT
Persistent reservoirs of multidrug-resistant microorganisms (MDRO) that are prevalent in hospital
settings and communities can lead to the spread of MDRO. Currently, there are no effective
decolonization strategies, especially non-pharmacological strategies without antibiotic regimens.
Our aim was to evaluate the efficacy and safety of fecal microbiota transplantation (FMT) for the
eradication of MDRO. A systematic literature search was performed to identify studies on the
use of FMT for the decolonization of MDRO. PubMed, EMBASE, Web of Science, and Cochrane
Library were searched from inception through January 2019. Of the 1395 articles identified, 20
studies met the inclusion and exclusion criteria. Overall, the efficacy of FMT for the eradication
of each MDRO was 70.3% (102/146) in 121 patients from the 20 articles. The efficacy rates were
68.2% (30/44) for gram-positive bacteria and 70.6% (72/102) for gram-negative bacteria. Minor
adverse events, including vomiting, diarrhea, abdominal pain, and ileus, were reported in
patients who received FMT. FMT could be a promising strategy to eradicate MDRO in patients.
Further studies are needed to confirm these findings and establish a comprehensive FMT proto-
col for standardized treatment.

KEY MESSAGES

� The development of new antibiotics lags behind the emergence of multidrug-resistant micro-
organisms (MDRO). New strategies are needed.

� Theoretically, fecal microbiota transplantation (FMT) might recover the diversity and function
of commensal microbiota from dysbiosis in MDRO carriers and help restore colonization
resistance to pathogens.

� A literature review indicated that FMT could be a promising strategy to eradicate MDRO in
patients.
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Introduction

Antimicrobial resistance is a significant global threat
to public health [1,2]. The increasing prevalence of
multidrug-resistant microorganisms (MDRO) is one of
the most important medical challenges associated
with the risk of mortality from infectious diseases for
which no effective antibiotic treatment exists.

The intestinal colonization of MDRO causes the
spread of MDRO infections in both hospitals and
communities [3,4]. Antimicrobial resistance can
emerge from the gut microbiome via patient-to-
patient or environment-to-patient transmission of
exogenous MDRO, as well as via de novo acquisition
of antibiotic-resistant mutants mediated by the

presence of antibiotic pressure or by gene transfer
events [5,6].

Intestinal decontamination of MDRO might prevent
further infection and transmission. Various interven-
tions with antibiotic regimens with evidence of clinical
success are available to eradicate intestinal MDRO car-
riage from patients [7–10]. However, these interven-
tions can occasionally be ineffective or can be
associated with the risk of decolonization-associated
antimicrobial resistance [11–13]. Non-pharmacological
approaches, such as infection control practices and
antimicrobial stewardship programs, have been
applied as an alternative to antibiotics for the preven-
tion or treatment of MDRO infections [14–16].
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Researchers have been investigating the ability of
gut microbiota in healthy humans to prevent patho-
gen colonization, a mechanism known as colonization
resistance [17]. If intestinal colonization by MDRO indi-
cates the perturbation of the normally stable gut
microbiota, a state known as dysbiosis, healthy micro-
biota might reverse dysbiotic changes to a healthy
microbiome ecosystem, also known as resilience [18].

In practice, fecal microbiota transplantation (FMT)
has been shown to be a highly effective nonpharma-
cologic treatment for recurrent Clostridioides difficile
infection (CDI) [19,20]. A few case reports showed that
several types of MDRO were eradicated in patients
undergoing FMT for recurrent CDI [16]. Several studies
have shown that FMT can directly decolonize non-CDI
patients with MDRO infection [6]. Although patients
benefit from FMT, concerns regarding the long-term
outcomes and adverse events remain to be addressed.

To provide clarity, we systematically reviewed the
efficacy and adverse events of FMT for the decoloniza-
tion of intestinal MDRO carriages by compiling previ-
ous studies regarding FMT for the eradication
of MDRO.

Materials and methods

Information source and search strategy

This systematic review was performed in accordance
with the guidelines of the 2009 Preferred Reporting
Items for Systematic Review and Meta-analysis
Statement [21]. Electronic databases for the planned
literature search included PubMed, EMBASE, Web of
Science, and Cochrane Library for English language
articles on FMT for the eradication of MDRO acquisi-
tion from the date of inception to January 2019. The
last search was run on January 18, 2019.

These databases were searched using the Medical
Subject Headings and keyword terms under three
broad search themes of FMT—mechanisms of
antimicrobial resistance, species of bacteria—and
combined using a Boolean operator AND OR
(Supplementary material 1). Patients of all age groups
were included.

Selection of studies

Our review was designed according to the patient-
intervention-comparison-outcome model, and previous
studies meeting the eligibility criteria were included in
our analysis. All study types with original data pub-
lished in English were reviewed by three investigators.
Titles, abstracts, and keywords were independently

assessed by two investigators to determine the inclu-
sion or exclusion eligibility. Both investigators (YKY
and JWS) checked all the articles in accordance with
the inclusion and exclusion criteria. Any discrepancies
were resolved by discussion with a third investiga-
tor (JYK).

The reference lists of the included and selected
articles were manually searched for additional articles
that might have been missed by the database search.
Original full-text articles, letters to the editor, single
cases, and case series published between 1913 and
2019 were reviewed. Animal studies and non-original
reports (reviews, systematic reviews, meta-analyses,
abstracts of scientific conferences, and editorials) were
excluded.

Our eligibility criteria for inclusion were as follows:
(1) full-text articles on studies of any type on human
subjects who had MDRO intestinal carriage; (2) FMT
administration via any method for laboratory-con-
firmed MDRO intestinal carriage; and (3) reporting of
any of the outcomes of interest in the article. Patients
who received FMT in inpatient, outpatient, or home
settings were included. The exclusion criteria were as
follows: (1) studies that evaluated the efficacy or safety
of FMT only for CDI; (2) letters to the editor with
duplication of study subjects with a subsequent full
publication; and (3) studies that did not report on any
of the required outcomes.

Data collection and list of articles

Data were extracted according to the inclusion and
exclusion criteria, and were cross-checked by the two
independent investigators (YKY and JWS). Study items
included study characteristics (first author, year of
publication, study type, and length of follow-up),
patients (age, gender, and pathogens), FMT procedure
(pre-transplant bowel preparation, pre-transplant use
of antibiotics, dose of infused stools, route of infusion,
number of infusions, and stool donor relationship),
and outcome data (eradication of intestinal MDRO car-
riage and description of adverse events within 30 days
from the first FMT).

Definition

FMT was defined as the administration of a suspension
of donor feces (either fresh or frozen) into the gastro-
intestinal tract. Bacteriotherapy with a suspension of
specific bacterial groups was not regarded as FMT.
Our outcomes of interest were microbiological eradica-
tion of MDRO intestinal colonization and adverse
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events of FMT. Microbiological eradication was defined
as the absence of MDRO from the intestine after FMT
during study follow-up periods, which varied by study
or case report. Eradication was defined as the absence
of MDRO on follow-up stool testing. Eradication failure
was defined as persistence or recurrence of positive
results on microbiological tests. Microbiological tests
included culture methods and polymerase chain reac-
tion detection of MDRO. The number and timing of
stool testing varied by study or case report.

Adverse events were defined as any unintended
and disadvantageous signs, symptoms, or diseases
temporally related to FMT [22]. A serious adverse
event was any unexpected medical occurrence in a
patient after the administration of FMT that resulted
in any of the following: death, life-threatening events,
new hospitalization or extension of hospital stay, sig-
nificant or lasting incapacity or disability, congenital
anomaly, or an important medical incident [22].

Risk of bias and assessment of study quality

The Cochrane Collaboration’s Risk of Bias tool and
Ottawa–Newcastle Scale were used to assess bias and
study quality in the randomized controlled trial

(Supplementary material 2) and observational studies
(Supplementary material 3), respectively [23,24].

Statistical analyses

Descriptive statistics were performed on the data
extracted from all included studies. Data were
described as n (%) or median with interquartile range
(IQR). The efficacy of FMT was evaluated as microbio-
logical eradication of MDRO carriage defined by our
study. Based on a summary of treatment efficacy in
the cases, we calculated the overall treatment effect of
FMT as the percentage of patients who received FMT
and achieved microbiological eradication. Safety was
assessed using reported and serious adverse event
data. Analyses were performed using IBM SPSS
Statistics version 20.0 (IBM Corporation, Armonk, NY,
USA) statistical software package for data analyses.

Results

Study selection and characteristics of included
studies

In all, 1633 eligible articles were identified using our
search strategy. An additional 3 articles that were
missed by the database search were identified from

Figure 1. Flowchart of the study selection showing the Preferred Reporting Items for Systematic Review and Meta-analysis
(PRISMA) 2009 study flow diagram: Identification, screening, eligibility, and inclusion of studies. CDI: Clostridioides difficile infection;
FMT: fecal microbiota transplantation.
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the reference lists of selected articles via the manual
search. After duplicate articles were excluded, 1395
articles were subjected to title and abstract review
(578 from PubMed, 606 from EMBASE, 168 from Web
of Science, 40 from the Cochrane Library, and 3 from
the manual search). Further screening of titles and
abstracts led to the exclusion of 1,345 records, mainly
because the topic did not pertain to FMT.
Subsequently, 6 articles were excluded after a full-text
review. Finally, a total of 20 articles were selected: 10
single cases [25–34], 3 case series comprising 10 cases
[35–37], and 7 prospective studies comprising 101
cases [38–44]. Of these articles, only one was a
randomized controlled trial. Overall, the efficacy of
FMT for each of 146 MDROs was evaluated in 121
patients, from 20 articles. The studies were published
between 2014 and 2019. The literature retrieval,
review, and selection process are summarized in
Figure 1.

Procedure protocol of FMT

Among the 18 patients in 12 case reports and the 101
patients in 7 prospective studies with available data,
FMT was administered via the upper gastrointestinal
tract (nasogastric or nasojejunal tube, jejunostomy
tube, and gastrostomy tube) to 80 patients in 17 stud-
ies, via the lower gastrointestinal tract (retention
enema and colonoscopy) in 17 patients in 5 studies,
and via both routes of nasoduodenal tube or capsules
in 22 patients in one study. Among the 116 patients
with available data, bowel lavage, prescription for pro-
ton pump inhibitor, or use of antibiotics regardless of
CDI treatment as preparation before FMT involved 73
(62.9%), 54 (46.6%), and 28 patients (24.1%), respect-
ively. All donor stools in 101 patients from prospective
studies and 6 donor stools (37.5%) in 16 patients from
case reports were from healthy anonymous donors. In
the remaining 16 patients in the case reports, the

donor stools were provided by relatives. In the 86
patients with available data, the frequency of FMT epi-
sodes was once (n¼ 83), twice (n¼ 2), and three times
(n¼ 1). The stool amount used in each dose ranged
from 30 to 150 g per 250mL.

Outcomes of microbiological eradication

Overall, 121 patients with a total of 146 MDROs were
studied. The efficacy of FMT for MDRO eradication was
70.3% (102/146). The types of MDRO (44 gram-positive
and 102 gram-negative bacteria) that were subjected
to eradication included vancomycin-resistant
Enterococci (VRE; n¼ 38), methicillin-resistant
Staphylococcus aureus (MRSA; n¼ 6), extended-spec-
trum ß-lactamase (ESBL)-producing Enterobacteriaceae
(n¼ 51), carbapenem-resistant Enterobacteriaceae
(CRE) or carbapenemase-producing Enterobacteriaceae
(CPE; n¼ 43), carbapenem-resistant Acinetobacter bau-
mannii (CRAB; n¼ 2), carbapenem-resistant
Pseudomonas aeruginosa (CRPA; n¼ 5), and
Stenotrophomonas maltophilia (n¼ 1).

The efficacy of FMT for the eradication of MDRO
carriage found at the last follow-up period was 68.2%
(30/44) for gram-positive bacteria and 70.6% (72/102)
for gram-negative bacteria. For each type of MDRO,
the efficacy of FMT for the eradication of MDRO car-
riage found at the last follow-up period was 63.2%
(24/38) for VRE, 100% (6/6) for MRSA, 67.4% (29/43)
for CRE or CPE, 68.6% (35/51) for ESBL-producing
Enterobacteriaceae, 100% (5/5) for CRPA, 100% (2/2)
for CRAB, and 100% (1/1) for S. maltophilia.

Outcomes of microbiological eradication in single
cases and case series

Data on 20 patients from 13 articles [24–36] are
shown in Table 1. In 11 studies presenting available
data, the median age of included patients was
66 years (IQR, 34–75 years), and 35% of the patients
were male. The last follow-up ranged from 100 to
182 days. Of note, 45% (9/20) had a diagnosis of recur-
rent or relapsing CDI, and received FMT for recur-
rent CDI.

In 20 MDRO cases, the efficacy of FMT for the eradi-
cation of each MDRO carriage found at the last follow-
up period was 60.0% (6/10) for gram-positive bacteria
and 90.0% (9/10) for gram-negative bacteria. For each
type of MDRO, the efficacy of FMT for the eradication
of MDRO carriage found at the last follow-up period
was 20.0% (1/5) for VRE, 100% (5/5) for MRSA, 100%

Table 3. Outcomes of microbiological eradication by host
characteristics and by FMT characteristics.

Success, n (%) Failure, n (%) p-value

FMT routes .893
Upper gastrointestinal 37/47 (78.7) 24/30 (80.0)
Lower gastrointestinal 10/47 (21.3) 6/30 (20.0)

No. of the FMT trials .167
Once 45/49 (91.8) 24/30 (80.0)
�2 times 4/49 (8.2) 6/30 (20.0)

Donor of familial member 4/45 (8.9%) 4/30 (13.3) .706
Antibiotic use
Before FMT 8/45 (17.8) 3/30 (10.0) .509
After FMT 11/37 (29.7) 11/19 (57.9) .041

Bowel lavage before FMT 14/45 (31.1) 7/30 (23.3) .462
Immuno-compromised patients 29/41 (70.7) 11/27 (40.7) .014

FMT: fecal microbiota transplantation.
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(6/6) for CRE or CPE, and 75.0% (3/4) for ESBL-produc-
ing Enterobacteriaceae.

Data on the delivery method of FMT were available
for 18 patients. MDRO colonization could not be eradi-
cated in 3 patients (75%) using retention enema and
in one patient (8.3%) using a nasoduodenal tube
(Table 1).

Data on safety were available for 15 patients.
Episodes of mild abdominal discomfort and diarrhea
were reported in 2 patients (13.3%). No life-threaten-
ing complications were noted (Table 1).

Outcomes of microbiological eradication in
prospective studies

Data on 101 patients from 7 articles [37–43] are shown
in Table 2. From the data presented in 5 studies, the
median age of included patients was 65 years (IQR,
56 – 76 years), and 52.5% of patients were male. The last
follow-up ranged from 7 to 180 days. Of the 7 studies,
only one analyzed patient received FMT for recurrent or
relapsing CDI (n¼ 11). The patients in the remaining
studies, regardless of CDI therapy, underwent FMT for
MDRO eradication. Of the 101 cases in the prospective
studies, 10.9% (11/101) experienced CDI.

The efficacy of FMT for the eradication of MDRO
carriage found at the last follow-up period was 75.7%
(28/37) for gram-positive bacteria and 67.4% (60/89)
for gram-negative bacteria. For each type of MDRO,
the efficacy of FMT for the eradication of MDRO car-
riage found at the last follow-up period was 71.0%
(22/31) for VRE, 100% (6/6) for MRSA, 61.1% (22/36)
for CRE or CPE, 68.1% (32/47) for ESBL-producing
Enterobacteriaceae, 100% (4/4) for CRPA, 100% (1/1)
for CRAB, and 100% (1/1) for S. maltophilia. Of the 7
studies, there was one randomized trial examining 22
patients that showed an efficacy of 41% using FMT via
nasogastric tube or capsules.

In the 5 prospective studies investigating adverse
events, 3 studies reported minor adverse events,
including vomiting, diarrhea, abdominal pain, and
ileus in patients who received FMT, and 2 studies
reported no adverse events (Table 2). No deaths were
found to be directly related to FMT, but encephalop-
athy in a patient with liver cirrhosis was reported as a
serious adverse event (Table 2).

Outcomes of microbiological eradication by host
characteristics and by FMT characteristics

Data on 79 cases from 17 articles [25,27–39,41–43]
were available for outcome analysis by host

characteristics and by FMT characteristics. The effect
of FMT was better in immunocompromised patients
than in immunocompetent patients (Table 3). Patients
who received antibiotics after FMT had more frequent
microbiological eradication failure than patients who
did not receive antibiotics (Table 3). However, out-
comes did not seem to have been affected by the
delivery route of FMT, number of the FMT trials, selec-
tion of donors, or FMT pretreatment such as antibiotic
use or bowel lavage (Table 3).

Discussion

This study shows that FMT is likely safe with a moder-
ate impact on the eradication of intestinal MDRO col-
onization, although further well-designed randomized
controlled trials are required to confirm these results.
Furthermore, considering the absence of a standar-
dized protocol detailing FMT, an integrated protocol is
warranted to improve the efficacy of FMT treatment.

In our study, the overall efficacy of FMT for the
eradication of MDRO carriage was 70.3% (102/146) in
a total of 121 patients from 20 articles. In practice,
FMT has already become a widely accepted treatment
for recurrent CDI with efficacy rates of 90% or even
higher [45–47]. CDI and MDRO colonization have simi-
lar risk factors, and patients with CDI are frequently
co-colonized in tandem with MDRO. Given these facts,
the effectiveness of MDRO eradication might be
expected to be similar to that of CDI treatment by
restoring colonization resistance [48–50]. However, the
efficacy of FMT for the eradication of MDRO carriage
has remained moderate. Many factors that influence
MDRO eradication might explain this difference, and
include host characteristics, microorganisms, or envir-
onmental factors. Particularly, antibiotic use after FMT
seems to be the main cause of decolonization failure
in many cases included in our analysis [40,41,43].
Conversely, the alteration of FMT according to the dif-
ferences of specific MDRO might be considered to
help improve the success rate of treatment.

In this context, it is necessary to evaluate the effect
of FMT for the eradication of MDRO colonization
according to each type of MDRO. Our study included
an integrated analysis of the efficacy of FMT for eradi-
cation against each type of MDRO, unlike a recently
published systematic review [51]. We also focused on
the intestinal colonization of MDRO. The efficacy of
FMT for the eradication of MDRO carriage was 68.2%
(30/44) for gram-positive bacteria and 70.6% (72/102)
for gram-negative bacteria. More specifically, the effi-
cacy of FMT for the eradication of MDRO carriage was
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63.2% (24/38) for VRE, 67.4% (29/43) for CRE or CPE,
and 68.6% (35/51) for ESBL-producing
Enterobacteriaceae. Thus, there was no significant dif-
ference in eradication rates between VRE and CRE col-
onization. Most previous studies also showed no
difference in the efficacy of FMT for eradication
between gram-positive and gram-negative bacteria,
and found no evidence for the possibility of any differ-
ence. A few studies have also shown similar median
duration of spontaneous colonization of 45 to
306 days for VRE and 42 to 387 for CRE, although the
results varied widely [52–57]. A recently published
randomized controlled trial also showed that 29% (5/
17) of patients in the control group without interven-
tion had no MDRO colonization at the last follow-
up [44].

Interestingly, patients who received antibiotics after
FMT had more frequent microbiological eradication
failure than patients who did not receive antibiotics
(Table 3). Similarly, a previous study suggested that
MDRO decolonization was achieved significantly more
often in patients who did not receive antibiotics in the
first 7 days after FMT than those who received antibi-
otics [79% (11/14) vs. 36% (4/11), p¼ .039].

In our study, the adverse events associated with
FMT were mild and self-limiting and were gastrointes-
tinal in nature. Although encephalopathy was reported
in a patient with liver cirrhosis as a serious adverse
event, finding a basis for the association between
encephalopathy and FMT in previous studies was diffi-
cult. Our findings also identified comparable efficacy
and safety of FMT for the eradication of MDRO in
immunocompromised patients compared to that in
immunocompetent patients, consistent with the find-
ings of a recent study [58]. Even our studies have
shown better efficacy in immunosuppression, but
these results should be verified in future studies. A
recent meta-analysis of 50 publications that reported
the adverse events of FMT suggested that adverse
and serious adverse events are not rare and should be
carefully monitored throughout FMT [22].
Furthermore, no long-term safety data beyond
68months are available for FMT, and unrecognized
transmission of infectious diseases and antibiotic
resistance genes or development of chronic diseases,
such as obesity, diabetes, atherosclerosis, and auto-
immune diseases, due to alteration of gut microbiota
is theoretically possible [59–61]. Further studies are
warranted to determine the long-term adverse effects
of FMT.

Although an integrated and standardized protocol
might be critical to the success of FMT, no standard

protocol of FMT regarding the type or dosing of stool,
donor selection, FMT delivery methods, and recipient
preparation was found in the literature review. The
review revealed diverse delivery methods of FMT,
which included nasogastric or nasojejunal tubes, col-
onoscopy, enema, and capsules. Because no studies of
MDRO decolonization have compared the diverse FMT
routes of administration, the most effective delivery
method of FMT is not yet clear [62–64]. The use of
unrelated donors to save processing time and cost
was common in the prospective studies. This might be
a favorable trend in real-life, where more thorough
donor screening is required. Thus, if the effect of cap-
sules for the eradication of MDRO colonization is com-
parable to that of other delivery methods of FMT, the
use of FMT capsules is likely to be an attractive option,
considering their convenience and tolerability [63].

Despite the concept of adjunct procedures, our
findings showed that bowel lavage or pretreatment
antibiotics did not significantly affect the therapeutic
effect of FMT. However, it is still unclear whether
bowel lavage or pretreatment antibiotics can decrease
the bacterial burden and enable healthy microbial
engraftment in patients [19]. A recently published
randomized controlled trial showed that oral non-
absorbable antibiotics followed by FMT resulted in a
higher proportion of intestinal eradication of MDRO
colonization during follow-up, compared with control
[9/22 (41%) in the intervention arm vs. 5/17 (29%) in
the control arm; odds ratio 1.7 (95% confidence inter-
val 0.4–6.4)] [44]. However, intestinal decolonization
strategies with antibiotic regimen before or during
FMT in patients with non-CDI can be associated with
antimicrobial resistance, subsequent perturbation of
intestinal commensal microbes, and disturbance of
FMT-administered gut flora [44]. A meta-analysis also
showed that the ongoing antibiotic therapy after FMT
may slow the clearance of MDRO over time and that
antibiotic pretreatment may promote the develop-
ment of antimicrobial resistance to decolonization
antibiotics, considering that antimicrobial agents
impact the gut microbiota [57,65,66]. Presently, the
frequency of FMT trials did not significantly affect the
therapeutic effect of FMT. However, a few studies
have suggested that repeated FMT might be more
effective for the eradication of MDRO colonization
[40,42]. More evidence is needed for concrete recom-
mendations of FMT as the established treatment
option for MDRO decolonization.

There are several limitations to our study. The first
is the limited number of case reports and small sam-
ple sizes of studies with only a single randomized
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controlled trial. Patients, type of MDRO, and FMT pro-
cedures were heterogeneous. Particularly, in the case
reports and the prospective studies, 45% (9/20) and
10.9% (11/101) of the respective cases experienced
CDI. The effect of CDI on the efficacy of FMT for the
MDRO eradication could not be totally excluded.
Second, the follow-up period to confirm MDRO decol-
onization and the number of microbiological tests
were inconsistent. The various follow-up periods are
summarized in Table 1. The timing of follow-up evalu-
ations might have affected the treatment outcome of
FMT for MDRO eradication. Third, no study compared
the efficacy of FMT for MDRO eradication with the
control group. Spontaneous clearance of MDRO with-
out treatment is not uncommon [57,65]. In a previous
study, spontaneous eradication of VRE and CRE
occurred in 48.2% of cases with a median time of
49 days [57]. On some occasions, spontaneous eradica-
tion of MDRO, rather than FMT, might have had a
greater impact on the MDRO decolonization. However,
there was a possibility that MDRO reacquisition at a
medical institution was mistaken for failure of MDRO
eradication after FMT. Finally, our study could not
completely exclude the possibility of the selection bias
towards cases with beneficial effects of FMT.

In conclusion, this study indicates a potential bene-
fit of FMT as a treatment option in patients with
MDRO colonization with therapeutic limitations.
Furthermore, FMT appears to be safe and is expected
to be used for the eradication of MDRO colonization
as a non-pharmacological approach to minimize collat-
eral damage. However, further studies of larger, well-
designed randomized controlled trials are needed to
develop a standardized protocol of FMT for more effi-
cient implementation.
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